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In the title molecular salt, C26H 28 N 4 2+ -2Br~, the central 
benzene ring makes dihedral angles of 76.75 (11) and 
82.40 (10)° with the pendant benzimidazole rings. The 
corresponding angle between the benzimidazole rings is 
57.03 (9)°. In the crystal, the cations and anions are linked 
via C— H- • -Br hydrogen bonds, forming sheets lying parallel 
to the be plane. The crystal structure also features weak C— 
H ■ -7T interactions. 

Related literature 

For background to the biological activities of benzimidazole 
compounds, see: Mohan et al. (2011). 




.2Br 



Experimental 

Crystal data 

C 2 6H 28 N 4 2+ -2Br- 
M, = 556.34 
Monoclinic, Cc 
a = 9.7093 (7) A 
b = 35.796 (3) A 



c = 8.0340 (6) A 
P = 118.230 (1)° 
V = 2460.1 (3) A 3 
Z = 4 

Mo Ka radiation 



ii = 3.32 mm 
T = 296 K 

Data collection 

Bruker APEXII DUO CCD 
dif (Tactometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.318, r maI = 0.516 

Refinement 

R[F 2 > 2a(F 2 )] = 0.033 

W R(F 2 ) = 0.080 

5 = 1.02 

8158 reflections 

291 parameters 

2 restraints 



0.45 x 0.32 x 0.23 mm 



16606 measured reflections 
8158 independent reflections 
6244 reflections with 1 > 2a(l) 
Ri„, = 0.023 



H-atom parameters constrained 
A/w = 0.71 e A~ 3 



-0.28 e A" 



Absolute structure: Flack (1983), 

3727 Friedel pairs 
Flack parameter: 0.009 (6) 



Table 1 

Hydrogen-bond geometry (A, °). 
CgA is the centroid of the C11-C16 ring. 



D-H- - A 


D-H 


H-A 


D-A 


D-H - A 


C9-H9A-Br2 


0.93 


2.76 


3.610 (2) 


152 


C10-HKM- ■ Brl 1 


0.97 


2.92 


3.884 (2) 


171 


C10-H10B- ■ Br2 


0.97 


2.91 


3.820 (2) 


156 


C15— H15^4- • •Br2 fi 


0.93 


2.80 


3.700 (3) 


163 


C17-H17B- ■ Br2 


0.97 


2.78 


3.696 (3) 


158 


C24-H24A- ■ Brl 


0.93 


2.73 


3.579 (2) 


152 


C5-H5/1- ■ -CgA'" 


0.93 


2.92 


3.630 (3) 


135 


Symmetry codes: (i) x — 


1, v, z; (ii) x, y, z 


- 1; (iii) x, 


-> + 2,z+i 





Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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Comment 

Many benzimidazole containing compounds are biologically active (Mohan et al, 2011). As part of our studies in this 
area, we now describe the title compound, (I). 

The central benzene ring (C11-C16) makes dihedral angles of 76.75 (11) and 82.40 (10)° with the adjacent 
benzimidazole rings (N1,N2/C3-C9) and (N3,N4/C18-C24). The dihedral angle between the benzimidazole rings 
(N1,N2/C3-C9) and (N1,N2/C3-C9) is 57.03 (9)°. The benzimidazole (N1,N2/C3-C9) and (N3,N4/C18-C24) rings are 
approximately planar [maximum deviations of 0.020 (3) A for atom C3 and 0.014 (2) A for atom N3, respectively]. 

In the crystal (Fig. 2), the cations and anions are linked via C — H-Br (Table 1) hydrogen bonds, forming two- 
dimensional networks lying parallel to the the ic-plane. The crystal structure also features weak C — H-;r interactions 
involving the centroid of the phenyl (C11-C16) ring. 

Experimental 

A mixture of benzimidazole (2.36 g, 20 mmol) and finely ground potassium hydroxide (2.36 g, 30 mmol) in 30 ml of 
DMSO was stirred at room temperature (27-28 °C) for 30 min. 1 -Bromoethane (1.50 ml, 20 mmol) was added drop wise 
in this consistently stirring mixture and further stirred for 2 h at same temperature, poured into water (300 ml) and was 
extracted by chloroform (5 x 20 ml). The extract was dried by magnesium sulphate and evaporated under reduced 
pressure to get Af-ethylbenzimidazole as a thick yellowish fluid (2.52 g, 86.30%). Furthermore, a mixture of 1 (1.46 g, 10 
mmol) and 1 ,2-bis(bromomethyl)benzene (1.32 g, 5 mmol) in dioxane (30 ml) was refluxed at 110 °C for 18 h. Desired 
compound (2.2Br) appeared as beige-colored precipitates in dark brown solution. The mixture was filtered and 
precipitates were washed by fresh dioxane (3x5 ml), dried at room temperature for 24 h, and soft lumps so obtained 
were ground to fine powder (2.40 g, 86.33%). Saturated solution of 2.2Br in methanol (0.5 ml) was exposed to diethyl 
ether vapours (vapour diffusion) at room temperature overnight to get colourless blocks of (I). 

Refinement 

All hydrogen atoms were positioned geometrically [C-H = 0.93-0.97 A] and were refined using a riding model, with 
(7i S0 (H) = 1.2 or 1.5 U eq (C). A rotating group model was applied to the methyl groups. 3727 Friedel pairs were used to 
determine the absolute structure. One outliner, (4 0 -4), was omitted in the final refinement. 

Computing details 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT (Bruker, 2009); data reduction: SAINT (Broker, 2009); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008) and PLATON (Spek, 2009). 
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Figure 2 

The crystal packing of the title compound. 

3,3'-[1 ,2-Phenylenebis(methylene)]bis(1 -ethylbenzimidazolium) dibromide 



Crystal data 

C 2 6H 28 N 4 2+ -2Br 
M r = 556.34 
Monoclinic, Cc 
Hall symbol: C -2yc 
a = 9.7093 (7) A 
b = 35.796 (3) A 
c = 8.0340 (6) A 
P= 118.230(1)° 
V= 2460.1 (3) A 3 
Z=4 



F(000)= 1128 

D x = 1.502 MgnT 3 

Mo ATct radiation, 1 = 0.71073 A 

Cell parameters from 5440 reflections 

6 = 2.9-27.3° 

,« = 3.32 mnT 1 

T=296K 

Block, colourless 

0.45 x 0.32 x 0.23 mm 
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Data collection 

Broker APEXII DUO CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2009) 
T mm = 0.318, r max = 0.516 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F* > 2cr(^ 2 )] = 0.033 
wRiF 1 ) = 0.080 
S = 1.02 
8158 reflections 
291 parameters 
2 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2a(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TJ- *ITJ 


Brl 


0.68944 (3) 


0.918762 (6) 


0.48259 (3) 


0.05182 (7) 


Br2 


0.38351 (4) 


0.822199 (8) 


0.90664 (4) 


0.06457 (9) 


Nl 


0.4060 (2) 


0.95348 (6) 


0.8359 (3) 


0.0441 (4) 


N2 


0.2014 (2) 


0.92236 (5) 


0.6352 (3) 


0.0378 (4) 


N3 


0.4142 (2) 


0.82699 (5) 


0.4234 (3) 


0.0386 (4) 


N4 


0.5754 (2) 


0.79004 (5) 


0.3842 (3) 


0.0416(4) 


CI 


0.6769 (3) 


0.97225 (8) 


0.9292 (4) 


0.0569 (7) 


H1A 


0.7799 


0.9729 


1.0354 


0.085* 


H1B 


0.6509 


0.9964 


0.8706 


0.085* 


H1C 


0.6739 


0.9541 


0.8395 


0.085* 


C2 


0.5611 (3) 


0.96170 (10) 


0.9949 (4) 


0.0615 (7) 


H2A 


0.5990 


0.9399 


1.0759 


0.074* 


H2B 


0.5519 


0.9820 


1.0690 


0.074* 


C3 


0.3020 (3) 


0.97982 (6) 


0.7130(3) 


0.0405 (4) 


C4 


0.3092 (3) 


1.01828 (7) 


0.7066 (4) 


0.0503 (6) 



16606 measured reflections 
8158 independent reflections 
6244 reflections with / > 2a(I) 
R mt = 0.023 

^max 32.5 , $ m in 2.5 

A = -14->14 
k = -54^42 
/ = -12->12 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[o\F 2 ) + (O.P) 2 + 0.1437P] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max = 0.003 
A/w = 0.71 e A" 3 
Ap mm = -0.28eA- 3 

Absolute structure: Flack (1983), 3727 Friedel 
pairs 

Flack parameter: 0.009 (6) 
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Atomic displacement parameters (A 2 ) 
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A A/l AH 

0.044 / 


f1 1 \ 

(H) 


A A /I O O / 1 1 \ 

0.0423 (11) 


U.U413 


n 1 1 
( u ) 


A AAA1 SC\\ 

o.ooyi {y) 


u.uivz 


f1 fll 
(10) 


A AA/n /o\ 

0.0043 (o) 


CIO 


a nno 
0.03 /s 


/■I A\ 

(10) 


A A*} / 1 A\ 

0.0335 (10) 


A AC A/T 

U.U3UO 


(12) 


A AA1 A SQ\ 

0.0034 (o) 


U.U233 


f1 ni 

(10) 


A AAAA /0\ 
0.0000 (5) 


pi 1 

Cll 


A A /I 1 1 

0.0411 


( 1 A\ 

(10) 


A AO CC ZO\ 

0.0255 (8) 


U.U4 / J 


f 1 1 1 
( u ) 


A AAA1 /H\ 

0.0003 (7) 


fl H77Q 


( y ) 


A AAA/I /"7\ 

-0.0004 (7) 


Clz 


A A/| O O 

0.0438 


(12) 


a (mg /in 

0.03 /a (1 1) 


n 7Q 


(14) 


A AA11 /A\ 

0.00/3 (y) 


u.uiy i 


fi i "\ 
( u ) 


A AAO/1 /I A\ 

—0.0024 (10) 


C13 


A AC5 /I 

0.05 34 


(14) 


A ATA/I /1 1 \ 

0.0394 (11) 


n nf 1 7 

U.U31 / 


(14) 


a AA/1 1 (A 1 \ 

0.0041 (11) 


n m 1 7 
U.Ul iz 


( 1 71 
(12) 


A AA1 A f1 A\ 

—0.0014 (10) 


C14 


A A"7£A 

0.0 /60 


/1 q\ 

(18) 


A AO "7 0 / 1 1 \ 
0.03 /8 (11) 


U.U4JO 


(13) 


A AAAA /1 0\ 

— o.oooy (iz) 


A (17f ^ 
U.UZ3 J 


n ti 

(13) 


A AAA/: /AA 

— O.OOOo (9) 


CI J 


A A/T/TA 

O.OooO 


(15) 


A ATfl /I A\ 

0.0332 (10) 


A AC TA 

U.U3 jU 


(13) 


A A A 1A / I A\ 

o.oo iy (loj 


U.Uj /u 


f 1 71 
(12) 


A A A A C /A\ 

—0.0003 (y) 


C16 


0.0444 


(11) 


A AO/1 C /Q\ 

0.0243 (8) 


W.U400 


n 1 1 
( n ) 


A A A 1 C ZO\ 

O.OOIj (o) 


a 07^.7 
U.UZ3 / 


fQI 
( y ) 


A aaoo /ni 
0.0025 ( /) 


CI / 


0.0425 


(11) 


A AO CO /I A\ 

0.0352 (10) 


A ACOI 

0.0323 


mii 
(13) 


A AA/iA 

o.oooo (y) 


a Aoao 

u.02 /y 


f1 A1 

(10) 


A AAOO /OA 

—0.002s (9) 


C18 


0.0440 


(11) 


A A ") ") A /1 A\ 

0.0339 (10) 


fl H/1 f O 


r"i 1 1 
( u ) 


A AA 1 1 /ON 

-0.0011 (8) 


u.uzzv 


1 1 ni 
(10) 


0.0035 (8) 


ci9 


0.0524 


(14) 


A A/IT/C / 1 0 \ 

0.04/6 (13) 


w.uo3y 


(lb) 


A A AT /I / 1 1 \ 

-0.00/4 (11) 


U.UJ48 


n ^i 

(13) 


A A A 1 A / 1 1 \ 
0.0019 (11) 


C20 


0.0695 


(18) 


A ACAT /I C\ 

0.050 / (13) 


0.0742 


(18) 


A A 1 Q 1 /I /|\ 

— o.oiyi (14) 


0.0372 


(15) 


a aa/:o /in 

O.OOoo (13) 


C21 


0.088 (2) 


0.0359 (12) 


0.0665 


(17) 


A A AAT /1 /l\ 

—0.009 / (14) 


0.0293 


(17) 


A AAO C / 1 OA 

0.0035 (12) 


C22 


0.0764 


(19) 


0.0329 (11) 


0.0570 


(15) 


0.0096 (12) 


0.0249 


(14) 


0.0031 (10) 


C23 


0.0451 


(11) 


0.0337 (9) 


0.0393 


(11) 


0.0056 (9) 


0.0174 


(9) 


0.0034 (8) 


C24 


0.0373 


(10) 


0.0367 (10) 


0.0523 


(13) 


0.0014(8) 


0.0249 


(10) 


0.0022 (9) 


C25 


0.0527 


(14) 


0.0677 (17) 


0.0768 


(19) 


0.0179(13) 


0.0396 


(14) 


-0.0038 (14) 


C26 


0.065 (2) 


0.100 (3) 


0.133 (3) 


-0.0016(19) 


0.071 (2) 


-0.011 (3) 



Geometric parameters (A, ") 



NI— C9 


1.316(3) 


C10— H10B 


0.9700 


NI— C3 


1.393 (3) 


Cll— C12 


1.397 (3) 


NI— C2 


1.472 (3) 


Cll— C16 


1.399 (3) 


N2— C9 


1.332 (3) 


C12— C13 


1.373 (4) 


N2— C8 


1.396 (3) 


C12— H12A 


0.9300 


N2— C10 


1.474 (3) 


C13— C14 


1.369 (5) 


N3— C24 


1.331 (3) 


C13— H13A 


0.9300 


N3— C18 


1.393 (3) 


C14— C15 


1.385 (4) 


N3— C17 


1.460 (3) 


C14— H14A 


0.9300 


N4— C24 


1.321 (3) 


C15— C16 


1.391 (3) 


N4— C23 


1.388 (3) 


C15— H15A 


0.9300 


N4— C25 


1.469 (3) 


C16— C17 


1.519(3) 


CI— C2 


1.499 (5) 


C17— H17A 


0.9700 


CI— HI A 


0.9600 


C17— H17B 


0.9700 


CI— H1B 


0.9600 


C18— C23 


1.372 (3) 


CI— H1C 


0.9600 


C18— C19 


1.392 (4) 
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C2 — H2A 


a at a a 

0.9700 


C19 — C20 


1.381 (4) 


Cz — HzB 


A A1AA 

0.9700 


/ni a TT1AA 

C19 — H19A 


A AT AA 

0.9300 


PI p < 

C3 — C4 


1.381 (3) 


C20 — C21 


1.371 (5) 


/"") /"< o 

C3 — C8 


1.394 (3) 


pin T t^i A A 

C20 — H20A 


A A"} A A 

0.9300 


C4 — C5 


1 1 £ O / A \ 

1.368 (4) 


C21 — C22 


1.382 (5) 


C4 — H4A 


a ai a a 

0.9300 


C21 — H21A 


A A") AA 

0.9300 


C5 — Co 


1 /I rtl / A\ 

1 .402 (4) 


C22 — C23 


1.393 (3) 


C5 — H5A 


a ai a a 

0.9300 


C22 — H22A 


A A") AA 

0.9300 


Co — C7 


1 1 O A / A \ 

1.380 (4) 


^1 TTO A A 

C24 — H24A 


A A") AA 

0.9300 


C6— H6A 


0.9300 


C25— C26 


1.481 (5) 


C7— C8 


1.383 (3) 


C25— H25A 


0.9700 


/""7 TTT A 

C7 — H7A 


0.9300 


Cz5 — Hz5B 


A AT A A 

0.9700 


C9 — H9A 


A m A A 

0.9300 


Cz6 — Hz 6 A 


A AjCAA 

0.9600 


CIO — Cll 


1 f 1 A /") \ 

1.510 (3) 


C26 — H26B 


A A/'AA 

0.9600 


pi A tt i a A 

CIO — H10A 


A AT A A 

0.9700 


C26 — H26C 


A A/"AA 

0.9600 


C ' 1\ \T 1 P "> 

C9 — N 1 — C3 


1 AO A A / 1 A \ 

108.49 (19) 


C13 — Clz — Cll 


121.3 (3) 


/-in XT 1 /~"^> 

C9 — Nl — C2 


126.0 (2) 


C13 — Clz — HlzA 


1 1 9.3 


p i-) XT 1 /"i 

C3 — Nl — C2 


125.5 (2) 


/"' \ 1 f 1 -1 r\ IT1 1 » 

Cll — C12 — H12A 


H9.3 


/"i (\ XT'"* Z - " 1 O 

C9 — N2 — Co 


1 AT T/^ / 1 0\ 

107.76 (18) 


p 1 /] /- > 1 -> pn 

C14 — C13 — Clz 


1 1 A £ /1\ 

119.6 (2) 


r^n xti nn 
C9 — Nz — C1U 


lzo.46 (1 /) 


C 1 4 — C 1 3 — H 1 3 A 


lzO.z 


p o XT1 ni A 

C8 — N2 — CIO 


i /, /" / i o\ 

126.77 (18) 


C12 — C13 — HI 3 A 


1 1 A 1 

120.2 


r~\ a XT") /" 1 o 

C24 — N3 — CI 8 


1 AT C / 1 A\ 

107.65 (19) 


/~1 1 ^> p \ A p 1 f" 

C13 — C14 — C15 


1 1 A T /") \ 

120.7 (3) 


/" ' ~\ A XT'? pn 

C24 — N3 — C17 


HC AzT / 1 A\ 

125.96 (19) 


pi 1 p 1 /l TT1/1A 

C13 — C14 — H14A 


119.6 


/"MO XT'} 1 ^7 

C18 — N3 — C17 


126.3 (2) 


pi f P 1 /l TTl ^ A 

C15 — C14 — H14A 


ha/ 
119.6 


C24 — N4 — C23 


1 AT T /I \ 

107.7 (2) 


f ^ 1 A p 1 i— p 1 /" 

C14 — C15 — C16 


1 1 A 1 /1\ 

120.1 (2) 


r~\ a XT/1 i~ C 

C24 — N4 — C25 


1 AH O /I \ 

127.8 (2) 


p i < p i r 1 tti r j 

C14 — C15 — H15A 


119.9 


P 1 "> XT/I POf 

C23 — N4 — C25 


124.4 (2) 


P 1 /_ pi f TTl f A 

C16 — C15 — H15A 


1 1 A A 

119.9 


1 TTl A 

C2 — CI — HI A 


109.5 


pi c pi /_ pi i 
C 1 5 — C 1 6 — C 1 1 


lift / 
119.6 (2) 


p /-» i~ i i T T 1 Tl 

C2 — CI — H1B 


109.5 


C15 — C16 — C17 


i i A 1 /I \ 

119.2 (2) 


T T 1 A " i T T 1 l~> 

HI A — CI — H1B 


109.5 


p 1 i p i z' p i *7 

Cll — C16 — C17 


111 1 /I \ 

121.2 (2) 


P ~\ p | Til p 

C2 — CI — H1C 


1 A A C 

109.5 


XT') p | — 7 PI/" 

N3 — C17 — C16 


111 AC / 1 A\ 

111.95 (19) 


TTi a *~< i tii r< 

H1A — CI — H1C 


1 A A C 

109.5 


XT'* pn TT1TA 

N3 — C17 — H17A 


1 AA 1 

109.2 


T T 1 T"> f ' 1 T T 1 l~ ^ 

H1B — CI — H1C 


109.5 


p i /- p i ^ T T 1 T A 

C16 — C17 — H17A 


109.2 


XT 1 Z' ' 1 /"* -1 

Nl — C2 — CI 


i i 1 A /1\ 

112.0 (2) 


XT') /" 1 ^ tti ~7 r> 

N3 — C17 — H17B 


109.2 


XT 1 T T'l A 

N 1 — C2 — H2A 


1 AA 1 

109.2 


p i /- pin tti nn 

C 1 6 — C 1 7 — H 17b 


1 AA 1 

109.2 


C 1 — C2 — H2A 


1 AA O 

109.2 


tti n A pn TT1TF1 

H17A — C17 — H17B 


1 AT A 

107.9 


XT1 /" *~\ TT1T1 

N 1 — C2 — H2B 


109.2 


p --i i-t p i o /" " i r\ 

C23 — C18 — C19 


111 C /1\ 

122.5 (2) 


p 1 PI TT1T5 

CI — Cz — Hzb 


1 A A 1 

109.2 


/■"n pi o XTT 

C23 — CI 8 — N3 


1 AjC C /1\ 

106.5 (2) 


H2A — C2 — H2B 


1 AT A 

107.9 


/—• -\ (\ PIO XT") 

C19 — C18 — N3 


1 ") 1 A /1\ 

131.0 (2) 


p A p -~i XT 1 

C4 — C3 — N 1 


1 A /I \ 

132.0 (2) 


p^A /" i r\ p i o 

C20 — C 1 9 — C 1 8 


115.4 (3) 


C4 — C3 — C8 


(11 *7 /1\ 

121.7 (2) 


p pi a TT1AA 

CzU — C 1 9 — H 1 9 A 


1 11 "? 

lzz.3 


XT 1 /"" -> /-in 

Nl — C3 — C8 


1 A/" 1A /1 A\ 

106.29 (19) 


p 1 O /^1A TT1AA 

CI 8 — C19 — H19A 


1 ii i 
122.3 


C5— C4— C3 


116.4 (2) 


C2l— C20— Cl9 


122.4 (3) 


C5— C4— H4A 


121.8 


C2l— C20— H20A 


118.8 


C3— C4— H4A 


121.8 


CI 9— C20— H20A 


118.8 


C4— C5— C6 


122.2 (2) 


C20— C2l— C22 


122.4 (2) 


C4— C5— H5A 


118.9 


C20— C2l— H21A 


118.8 


C6— C5— H5A 


118.9 


C22— C2l— H21A 


118.8 
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C7 — Co — C5 


1 1 mC /Oj\ 

121.6 (2) 


p 0 1 PT"> 

C2 1 — C22 — C23 


1 1 f / /o\ 

115.6 (3) 


C7 — Co — H6A 


119.2 


C21 — C22 — H22A 


1 OjO 0, 

122.2 


C5 — C6 — H6A 


1 1 A 1 

119.2 


p -7 0 PT^ A 

C23 — C22 — H22A 


1 00 0 

122.2 


p /• rin PO 

Co — C7 — C8 


1 1 / A /0,\ 

116.0 (2) 


CI 8 — C23 — N4 


1 AT *) C / 1 0\ 

107.35 (18) 


Co — C7 — H7A 


122.0 


p 1 0 p -7 7 f~"~)'~) 

C 1 8 — C23 — C22 


121.7 (3) 


C8 — C7 — H7A 


122.0 


N4 — C23 — C22 


1 O A A /O \ 

130.9 (2) 


p -7 no PO 

C7 — C8 — C3 


1 n 1 /o\ 

122.1 (2) 


XT A r^*~\ A XT") 

N4 — C24 — N3 


1 1 A O ZO\ 

110.8 (2) 


/-i -7 PO \T1 

C7 — C8 — N2 


131.4 (2) 


XT A /" "7 A TT7/I A 

N4 — C24 — H24A 


124.6 


p O PO XTO, 

C3 — Co — Nz 


1 AzT f 1 / 1 0\ 

106.51 (18) 


XTO po A ~l~\ r ) A A 

N 3 — C24 — H24 A 


1 7/1 

124.6 


Nl — C9 — N2 


1 1 A AO / 1 A\ 

110.93 (19) 


XT/1 /""Nr PO/' 

N4 — C25 — C26 


1100 /o \ 

H3.3 (3) 


XT 1 /" (\ TTA * 

N 1 — C9 — H9A 


1 O /I C 

124.5 


\t /| POC TnC A 

N4 — C25 — H25A 


1 AO A 

108.9 


\Ti PA I rn A 

N2 — C9 — H9A 


124.5 


p O / POC Tr7f A 

C26 — C25 — H25A 


108.9 


XTO, ni a p 1 1 

Nz — CIO — Cll 


1 1 i or /1 o\ 

112.86 (18) 


X T /I p O C TTICTl 

N 4 — C2 5 — H2 5 B 


1 AO A 

108.9 


\n 01 a TT 1 A A 

N2 — C 1 0 — H l OA 


1 AA A 

109.0 


C26 — C25 — H25B 


1 AO A 

108.9 


Cll — CIO — HI OA 


109.0 


TT7f A /-" "• "7 ,— TT^f Tl 

H25A — C25 — H25B 


107.7 


N2— CIO— HI OB 


109.0 


C25— C26— H26A 


109.5 


Cll— CIO— H10B 


109.0 


C25— C26— H26B 


109.5 


T T 1 A A pi A TT1 AD 

H10A — CIO — HlOb 


107.8 


TT7/: a p -7 /_ Tnz:r> 

H26A — C26 — H26B 


1 AA C 

109.5 


C12 — Cll — C16 


118.6 (2) 


C25 — C26 — H26C 


109.5 


P 1 O PI 1 pi A 

C12 — Cll — CIO 


110 1 /1\ 

118.1 (2) 


tt7/: a p -7 /_ TTi/rr 1 

H26A — C26 — H26C 


1 AA C 

109.5 


pi/: pi 1 ni a 

Clo — Cll — CIO 


1/3.2 (z) 


H2ol3 — C2o — H2oC 


1 AO C 

109.5 


r~\ (\ XT1 z" 1 O /" " 1 

C9 — Nl — C2 — CI 


1 AO A /O \ 

108.0 (3) 


C14 — C15 — C16 — C17 


1 HA yl /O \ 

-179.4 (2) 


/"") XT1 Z" 1 O pi 

C3 — Nl — C2 — CI 


7^ *7 /o\ 

-72.7 (3) 


p 1 O p 1 1 pi/" P1C 

C 1 2 — C 1 1 — C 1 6 — C 1 5 


1 T /O \ 

1.7 (3) 


C9 — N 1 — C3 — C4 


1 / /.2 (3) 


piA p 1 1 pi/: rii c 

C 1 0 — C 1 1 — C 1 0 — C 1 j 


1 no a /o\ 
1 /8.9 (2) 


/no \ti PO P /I 

C2 — N 1 — C3 — C4 


-2.3 (4) 


p 1 0 l~ A 1 1 p 1 z' p 1 -7 

Cl2 — Cll — C16 — C17 


1 7A r /o \ 

-179.5 (2) 


p 1 \ XT1 P "> PO 

C9 — Nl — C3 — C8 


-0.8 (3) 


p 1 /-\ p » 1 p 1 z' p 1 *7 

C10 — Cll — C16 — C17 


-2.3 (3) 


C • 0 \ti PO P O 

C2 — N 1 — C3 — C8 


1 TA O 

179.8 (2) 


p 0 /i xto pn /-^ 1 /_ 

C24 — N 3 — C 1 7 — C 1 6 


1 1 A A /O \ 

119.9 (3) 


N 1 — C3 — C4 — C5 


— 1 /8.5 (3) 


Clo — N3 — CI / — C16 


/:o z: /o\ 

— 63.6 (3) 


/-in /" < ~) P yl PC 

C8 — C3 — C4 — C5 


-0.8 (4) 


f ■< \ r p 1 /" p 1 i XTO 

C 1 5 — C 1 6 — C 1 7 — N3 


0 0 y /o \ 

-38.6 (3) 


p O P /I P C p /_ 

C3 — C4 — C5 — Co 


A A / A\ 

0.4 (4) 


p 1 1 pi/" PIT XTO 

Cll — C16 — C17 — N3 


1 /ll Z /o,\ 

142.5 (2) 


C4 — C5 — Co — C7 


a z: /c\ 

0.6 (5) 


C24 — N 3 — C 1 8 — C23 


1 O, /7\ 

1.2 (3) 


C5 — Co — C7 — C8 


1 1 //I \ 

-1.1 (4) 


/~MT XT') /"MO r~"T) 

C17 — N3 — CI 8 — C23 


1 HC A /1\ 

—175.9 (2) 


p / PT PO /""^O 

Co — C7 — C8 — C3 


0.8 (4) 


/" "• "7 < XTO /" < 1 0 p 1 f 1 

C24 — N 3 — C 1 8 — C 1 9 


1 -7 0 1 /o \ 

-178.7 (3) 


C 0 — C 7 — C 8 — N 2 


1 TO "7 /O \ 

178.7 (3) 


p 1 -7 XTO / ' 1 0 /" 1 1 

C17 — N3 — C18 — C19 


4.2 (4) 


p /I P 0 PO p -7 

C4 — C3 — C8 — C7 


0.2 (4) 


POO p 1 0 p 1 (\ POA 

C23 — C 1 8 — C 1 9 — C20 


A O / A\ 

-0.3 (4) 


XT1 p ") PO p "7 

N 1 — C3 — C8 — C7 


1 no a /o,\ 

178.4 (2) 


XTO p 1 O P 1 A fi^A 

N3 — C 1 8 — C 1 9 — C20 


1 "7 A /O \ 

179.6 (3) 


p 1 po p 0 \n 

C4 — C3 — C 8 — N 2 


1 TO Oj /OA 

— 178.2 (2) 


P 1 O rii A P7A p 0 1 

C 1 8 — C 1 9 — C20 — C2 1 


1.2 (5) 


xti p "> po xto 

N 1 — C3 — Co — Nz 


a a n\ 

0.0 (3) 


rii a p 0 A p 0 1 POO 

C 1 9 — C20 — C2 1 — C22 


A A /C\ 

-0.9 (5) 


p t\ \ti PO p -7 

C 9 — N 2 — C 8 — C7 


1 n /i /o\ 

-177.4 (3) 


POA PO 1 f ' O O POO 

C20 — C21 — C22 — C23 


A A SC\ 

-0.4 (5) 


pi A XTO, p 0 PT 

C 1 0 — N 2 — C 0 — C7 


1 1 / A \ 

1.1 (4) 


p 1 n p 1 O PT) XT/I 

C 1 9 — C 1 8 — C23 — N4 


1 TA 1 /T\ 

179.1 (2) 


PA XTI p O PO 

C9 — N2 — C8 — C3 


A O /"} \ 

0.8 (3) 


xto /"< 1 0 XT/1 

N3 — CI 8 — C23 — N4 


A O /O \ 

-0.8 (3) 


p 1 /\ \ti PO p 7 

CIO — N2 — C8 — C3 


1 "7 A O /0\ 

179.3 (2) 


p 1 r\ PIO 0 O POO 

C 1 9 — C 1 8 — C23 — C22 


-1.0(4) 


/~"? xti /"'A xt^> 
C3 — JN 1 — C9 — JNz 


1.4 (3) 


XT'? no r>T) pii 

JN j — C 1 8 — C2 J — C2z 


1 nn a /o\ 
1 /9.0 (2) 


C2— Nl— C9— N2 


-179.2 (2) 


C24— N4— C23— CI 8 


0.1 (3) 


C8— N2— C9— Nl 


-1.4 (3) 


C25— N4— C23— C18 


-175.1 (2) 


CIO— N2— C9— Nl 


-179.9(2) 


C24— N4— C23— C22 


-179.7(3) 


C9— N2— CIO— Cll 


-114.9 (2) 


C25— N4— C23— C22 


5.0(4) 


C8— N2— CIO— Cll 


66.8 (3) 


C21— C22— C23— CI 8 


1.4(4) 
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XT'"! n A pi 1 pn 

N z — C 1 0 — C 1 1 — C 1 z 


111 

—111.6 (2) 




C21- 


/"<T} XT/1 

— Czz — CzJ — N4 




1 TO O f)\ 

-178.8 (3) 


N2 — CIO — Cll — C16 


71.3 (2) 




C23- 


XT.1 A XT") 

— N4 — C24 — N 3 




0.7 (3) 


c\ £> n 1 cm c\t, 

1 0 \^ 1 1 v 1 z 1 J 


Z.J (3 J 






— IN H ^.Z^t IN J 






CIO— Cll— C12— C13 


-179.6 (2) 




C18- 


-N3— C24— N4 




-1.2 (3) 


r^ii rn r^i/i 


1.7 (4) 




d /- 


XTT XT /I 

— IN 3 — L,Z4 — IN 4 




i / j.y (z j 


C12— C13— C14— C15 


-0.5 (4) 




C24- 


-N4— C25— C26 




5.3 (5) 


C13— C14— C15— C16 


0.0 (4) 




C23- 


-N4— C25— C26 




179.6(3) 


C14— C15— C16— Cll 


-0.6 (3) 












Hydrogen-bond geometry (A, ") 














Cg4 is the centroid of the CI 1-C16 ring. 














£) H—A 




D H 




H—A 


D—A 


D U-A 


C9 — H9^4-"Br2 




0.93 




2.76 


3.610 (2) 


1 f 1 

152 


nO T-T1 0/(-Rr1 ' 
^ i w — n i \j/± di i 




0 Q7 




Z. 7i 


j.oot yz. j 


1 71 


CIO — H105— Br2 




0.97 




2.91 


3.820 (2) 


156 


C15— H15^-Br2 ii 




0.93 




2.80 


3.700 (3) 


163 


CI 7— H175-Br2 




0.97 




2.78 


3.696 (3) 


158 


C24— H244-Brl 




0.93 




2.73 


3.579 (2) 


152 


C5— H5^-Cg4 m 




0.93 




2.92 


3.630 (3) 


135 



Symmetry codes: (i)x-l,y, z; (ii)x,y,z-l; (hi)*, -y+2, z+l/2. 
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